Abstract-In this article an experimental system of sensor network for monitoring physical variables applied to green technology in conjunction with internet of things (IoT) is presented. This, in a controlled ambient, that can guarantee the development and growth of the plants (exemplary/specimen). This application is focused on agriculture. Using Wireless Sensor Network (WSN) has a promising future due to current technical advances and its almost unlimited applications. This work propose WSN topologies, the measurement methodology, the sensors distribution and the visualization of the registered data in function of the area monitored, the communication protocol established by Wi-Fi and the reads of the environmental temperature (ET), environmental humidity (EH) and ground humidity (GH) are registered and displayed in the web, during the registry of this measurements the data is analyzed and processed to perform relevant actions oriented to the control of physical variables at the monitored environmental area. Monitoring of the physical environmental conditions is registered every hour in a period of 24 hours. It is proposed to apply the system to green technologies together with internet of the things.
communication system has generated an area of interest in applications such as industrial plants and the agricultural sector among others. In general, in those systems where a constant momitoring of physical signal is required, a sensor network whit wireless technology in applicable.
The wireless systems present several advantages in comparison to wired technologies such as low cost, lower energy consumption, mobility and portability.
The use of integrated sensors into wireless networks has a promising future, as it is the case of the Internet of Things (IoT), this allows the global interconnection of heterogeneous physical objects with advanced functionality. This emerging technology is evolving towards intelligent environments, where the technologies of wireless networks and access to information play a key role in process control, signal monitoring, environment control, along with others.
The technological advance in the last years has allowed integrating technology in the daily activities of the human being, one of these the care of the environment [1] .
As main activity, it is the generation of controlled environments to promote the growth of plants, using the monitoring and control of the environmental humidity, ground humidity and environmental temperature due to these variables are vitally important in agriculture.
The use of sensors to monitor physical variables of interest and the use of actuators allow the interaction with the environment, giving control of the growth area and development of the plants [2] . Applying sensors and using suitable techniques for recording of signals, it is possible to monitor large areas of land.
Monitor in real-time the physical variables and apply the so-called internet of things, presents an interesting technological challenge. In the near future an exponential growth and a direct impact in the daily live is expected [3] .
In this work a system that monitors the environmental humidity, environmental temperature and ground humidity by means of modules is presented. These modules are distributed in strategically points to take measurements, which is an innovative application in the green technology joined to the Internet of the things (IoT Green) [4] .
Development modules or cells conformed for an area that delimits the specimen (plant) of particular interest, with a set of sensors and Wi-Fi connection with the 802.11 b/g/n Wireless protocol [5] are proposed.
Modularity provides to the system the capability to be adapted to the needs required by the application in particular. A controlled environmental, promotes the adequate growth of plants. As a first phase of the system, the physical variables under monitoring are the ground humidity, environmental humidity and temperature, these parameters directly affect growth and development of the plant. Each module provides the average information of the samples taken from environmental physical signals for a set of specimens (plants) distributed in a larger area.
The reading of the physical environmental parameters from sensors, their registry and visualization and their interpretation has been solved with a new-fangled approach to new technologies, in this case making use of the internet of the things set to green technologies [6] .
The proposed design consists of modules placed in specific areas, each module contains a ground humidity (GH) sensor, an environmental humidity (EH) sensor and an environmental temperature (ET) sensor [7] . The periodicity for recording these signals is a function of the type of specimen (plant) of interest and the environmental conditions in which it grows.
The Wireless Sensor Network (WSN) proposed, monitors the physical signals of the environment in each module, at intervals of one hour, which guarantees continuous recording during a period of complete insolation.
The information recorded for the sensors is sent via Wi-Fi through an access point [8] . Later it can be displayed at any access point using a password.
According to the registered data, they are modified and controlled by applying the appropriate ground humidity or modifying the humidity and temperature of the environment.
III. EXPERIMENTAL ARRANGEMENT
The proposed experimental arrangement for monitoring the environmental physical variables consists of modules; each module is composed of any specimen (plant), ground humidity sensor, environmental humidity sensor and environmental temperature sensor. Fig. 1 shows a diagram of the arrangement and organization of an individual module.
The ground humidity sensor is placed at 20 cm below the surface; this is due to the root of the plant. For the recording of the ambient temperature, the sensor was fixed at 30 cm from the floor surface; the humidity sensor is placed at the same height [9] . The number of modules depends on the type of specimens to be monitored and the area under observation. Fig. 2 illustrates the proposal for the distribution of a set of modules in an area A1. The measuring of the environmental physical variables performed by the sensors in each module is obtained in the same time span [10] . When verifying the reading recorded by the set of sensors in each module, a string with all the concatenated values is generated [11] . Using a wireless module, the data is sent to a web page where they are processed using PHP through the GET method.
The System works autonomously and can be used to monitor inaccessible areas, to strengthen surveillance and environmental research.
A. Ground humidity transducer
The ground humidity transducer is a component of two conductive plates separated d centimeters. If there is moisture in the soil conductivity is generated between the plates, the conductivity increases as a function of the percentage of moisture between conductive flat plates.
The change in the percentage of soil moisture generates a variation of conductivity. This increment or decrement in conductivity generates the variation of direct electric current between parallel flat plates. Fig. 3 shows the transducer used in the experimental arrangement. The variation in conductivity is proportional to the percentage of moisture contained in the soil. A percentage of 100% is considered the total humidity.
The soil moisture meter shows the current humidity in absolute percentage, as well as the degree of saturation of the soil. It must be taken into account that in addition to the solid components, air is also found in the ground; the percentage varies according to the soil type. Thick-textured soils contain less air (approximately 40% vol.) than fine-textured soils (up to 60% vol.). If the percentage of air is higher in the soil, then the density of the soil is lower and the air can be substituted by water. When the water substitutes all the air in the soil, there is a saturated soil. Under normal conditions the ground is not able to retain all the water, since it is filtered.
B. Temperature sensor and environmental moisture
One of the physical variables that should be known and measured is the relative humidity of the air. This physical variable is of main importance in sectors such as industry, transport and horticulture, among others. Similarly, the temperature of the environment plays a vital role in such sectors. These two variables are key to the application of the wireless sensor network proposed in this work.
A wide variety of sensors and systems are available for the measurement of temperature and humidity. In this application, a common sensor is used.
Given the characteristics of the proposed system and as a prototype, the sensor used to record the temperature and humidity is DHT11. The sensor is inexpensive, has modular features and it is easy to implant. The requirements of the prototype are met with this sensor. Fig. 4 shows an implemented module of the Wireless Sensor Network (WSN) set.
C. System implementation
The module consists of the specimen (plant), the ground humidity sensor, environmental temperature sensor and environmental humidity sensor [12] . The sensors are connected to the control system where the signals are conditioned and sent to the web through an access point.
The wireless sensor network uses the communication protocol based on the IEEE 802.11 standard to communicate the sensors nodes via Wi-Fi. It uses 2.4 GHz in the radiofrequency spectrum. This technology has advantages such as transmission speed that can reach 11 Mbps; an automatic adjustment in bandwidth; low interference, it can be adjusted to 1 Mbps, 2 Mbps or 5 Mbps; a considerable coverage area; great distance of transmission effectiveness; avoids wiring, flexible network structure and good mobility. The registered data are sent using PHP and jquery commands through the GET method to a web page where they are stored [13] .
IV. EXPERIMENTAL RESULT
In the proposed WSN topology, each module consists of a set of sensors and each sensor registers an environmental physical variable [14] . The designed control system multiplexes the reading control signal to a single module at the time to read the data recorded by each sensor. The control generates a reading signal at intervals of one-hour to collect the measurements recorded in each module [15] . Measurements are directed through a wireless device to an access point.
The data registered in each module are displayed on a web page at a remote point and are accessed through a password. The behavior of the remaining modules is similar.
A. Comparison and system calibration
As a validation for the measurements recorder by the DHT11 sensor, a comparative table of the environment temperature measurements recorder by three different sensor DHT11, DS18B20 and LM355 is shown in Table I . The following table shows a sample of readings recorded over the same period of time. For the application being reported, the data recorded are within tolerant limits [16] , [17] . This validates the measurements recorded by the proposed Wireless Sensor Network (WSN). The temperature reported by Weatheronline is shown in Fig. 5 . The graphic in Fig. 5 shows the behavior of the temperature in a period of three weeks. In particular, the maximum temperature recorded on July 13, 2016 is within the range registered by the wireless sensor network (WSN) reported in this paper.
B. Algorithm for the proposed model
For the reported application, it is not required a continuous monitoring of environmental physical signals, samples with a frequency of one hour and a period of 24 hours are enough [18] . The proposed algorithm for this Wireless Sensor Network (WSN) system is: 
C. Relative humidity
Relative humidity RH [%] , is the proportion of actual water vapor in the air compared to the amount of water vapor required for saturation at the corresponding temperature. It indicates how close the air is to saturation. Fig. 7 shows the image of the relative humidity chart by weatheronline. It is measured in percentage between 0 and 100, where 0% means completely dry air and 100% saturated air. Table II lists the data of the measurements recorded by the first module (MO1). Physical variables are monitored over a 24-hour period, taking data at one-hour intervals [19] . The physical variables monitored are: environmental temperature (Temp), environmental humidity (HR) and ground humidity. 
D. Registered date for the wireless sensor network (WSN) proposed

E. Graphic presentations of recorded measurements
This section presents graphically the measurements recorded in two modules of the proposed Wireless Sensor Network (WSN) [20] . The rest of the modules behave in a similar way.
The measurements recorded in module one (MOD1) are shown in Fig. 8 for the ambient temperature (AT). The environmental humidity recorded by module one (MOD1) is reported in Fig. 9 . The third measurement record corresponds to the ground humidity in module one (MOD1). Fig. 10 shows the graph. The remaining modules are similar in relation to the number of sensors and the physical variables monitored. Due to their configuration and topology, they are located at strategic points in the monitored area [21] .
The measurements recorded by the sensors of the second module (MOD2) are presented in the following figures. Finally, the graphic generated with the data recorded in MOD2 is reported and corresponds to the soil moisture, as shown in Fig. 13 . This article reports the architecture, topology and communication protocol for a network of wireless sensors to monitor environmental physical variables using modules distributed in an area of interest. Due to the proposed topology, the wireless sensor network is scalable and modular. By means of the 802.11 b / g / n communication protocol, an adequate response is obtained for the remote monitoring in real time of the physical environmental variables. The reading recorded by the sensor set in each module is performed in one-hour intervals and in a 24-hour period. As a first result, the information is sent and viewed on a web page for the elaboration and conformation of the functionality to be a classic internet system of things. Due to its application, it gives rise to new experiments in the use of the green technologies and the continuity of the development of new strategies to support the environment. The results obtained in the wireless sensor network propose areas of research in future work related to data encryption, transmission power, processing speed, efficiency, type of modulation, computational cost among others.
The proposed arrangement presents a flexible, economical, modular and easy-to-implement architecture. These features are achieved due to wireless communication and the set of sensors used.
In future work, the number of wireless sensors will be increased to monitor a greater area of interest and provide collaboration tasks between modules, individual data processing and direct transmission to the user, as well as additional information in each module.
